Quantitative models in marketing typically focus on the household as the unit of analysis while ignoring the individual family members' behavior and the behavioral interactions among household members. However, knowledge of such intrahousehold behavioral interaction enables marketers to target their communications more effectively. In this article, the authors propose a modeling framework to capture the intrahousehold behavioral interaction based on family members' actual consumption behavior over time. The authors develop a model to capture multiple agents' (more than two individuals') simultaneous choice decisions over more than two choice alternatives. This is extremely difficult with other previously developed modeling approaches. The authors apply the proposed model to a context of family members' television viewing and simultaneously model whether the television is on, which type of program is playing, and which family members are watching. The proposed model makes it possible to estimate the individual's intrinsic preference and the extrinsic preference from a joint consumption with other members. In turn, these estimates enable the authors to test several alternative group decision-making heuristics that may operate in those joint consumption occasions and to conduct managerially useful counterfactual simulations.
Consumption choices of individuals can be interdependent. Such interdependencies can be especially common in household consumption choices. For example, individual household members determine whether they spend time alone or together with other family members on various activities and may affect other members' choices. Such intrahousehold behavioral interactions are likely to be significant because of the strong emotional ties among household members. In this article, we study a specific consumption context-namely, television viewing. In the context of watching television, some family members may be more likely to watch television with other members because they are likely to receive utility from spending time together with their spouses, children, or parents. It is this behavioral interaction among family members that we study in this research.
Intrahousehold behavioral interaction has drawn an increasing amount of attention from marketers. For example, McCann-Erickson, one of the largest advertising agencies in the United States, routinely collects information on consumer communication media usage, including whether a consumer uses a specific medium together with other family members. PepsiCo keeps a rolling database of a consumer diary panel to understand consumer beverage consumption habits, including whether a beverage is consumed with other family members present. This knowledge of intrahousehold behavioral interaction enables marketers to target their communications more accurately and potentially influence the family purchase and consumption behavior.
However, despite the importance of this topic, there is little understanding of intrahousehold behavioral interactions. In the previous literature, researchers have studied the influence of other family members' preferences on an individual family member's preference (Yang, Narayan, and Assael 2006) and the influence of family members on the process of a group decision making (Aribarg, Arora, and Bodur 2002; Park 1982) . Nevertheless, no study to date has examined family members' simultaneous decisions on whether to participate in an activity that potentially leads to a joint consumption.
To study the television-viewing decisions of each household member (mother, father, and child) and the behavioral interactions in these decisions, we propose a model that essentially captures a system of discrete endogenous variables in which one family member's decision is dependent on other family members' decisions. Estimating such a simultaneous equations model with multiple discrete endogenous variables is challenging. As Maddala and Lee (1976) and Heckman (1978) show, the reduced form of the simultaneous system of equations is not well defined, and there are multiple equilibria. Additional assumptions, such as Pareto optimality, are needed to solve the system, and even in that case, the solution is difficult to implement in a system with more than two players (Hartmann 2008) .
We develop a statistical model to solve the simultaneous equations system. The essence of this model is that a joint probability distribution of the occurrence of multiple events can be derived when there is proper specification of the conditional probability of the event occurrence, conditional on the occurrence of other events. In essence, the proposed model is a reduced-form model, but it complies with good properties of a structural model based on the theory of simultaneous-move games developed in the economics literature (Bresnahan and Reiss 1991) . In our econometric specification, the utility function of an individual family member can be viewed as the person's payoff function depending on the actions taken by other family members.
This study makes several important methodological and substantive contributions. First, we develop a model to capture multiple agents' (more than two individuals') simultaneous choice decisions over more than two choice alternatives with behavioral interactions based on each family member's actual consumption behavior over time. As we show subsequently, this is extremely difficult with other modeling approaches, such as modeling preference interaction (Yang, Narayan, and Assael 2006) and modeling simultaneous decision making by multiple agents (Hartmann 2008) . To the best of our knowledge, this work is the first to address the challenges that arise from modeling such a complicated simultaneous-move discrete game.
Second, the proposed model enables us to obtain estimates on individual family members' own consumption utility, the joint consumption utility with other members, and the strength of behavioral interactions across three dyads (father-mother, father-child, and mother-child). As our policy experiments show, we are able to simulate a measure of power for each family member on each type of television program. This analysis offers marketers many insights into developing targeting and communication strategies.
Third, we test several group decision-making heuristics that are likely to operate in the joint consumption occasions we observe in the data, using estimates of an individual family member's own intrinsic preference and his or her extrinsic preference for a joint consumption with other members. We believe that this constitutes yet another original aspect of the study. Most previous work in joint decision making has adopted a specific decision rule but has never tested its validity. We are particularly interested in three types of family decision-making strategies developed in the welfare economics literature (Atkinson 1970) : the Harsanyi (1955) decision heuristic, the minimum decision heuristic (MIN), and the maximum decision heuristic (MAX). The findings suggest that there is substantial heterogeneity across families on which decision heuristic to use, though overall the Harsanyi decision heuristic dominates the other two.
We organize the remainder of this article as follows: We first review the relevant literature and position this study in relation to previous studies. We then develop the econometric model that captures the intrahousehold behavioral interactions. In the following section, we apply the model to the consumer television-viewing context and discuss the empirical results and their implications. We offer some conclusions and discuss the limitations of this study and potential areas for further research.
LITERATURE REVIEW
This study is related to three streams of literature: modeling of consumer preference interaction/interdependence, modeling of simultaneous decision making by multiple agents, and modeling of joint family decision making. We review each of the three lines of research and discuss how our study differs from and extends them.
Modeling of Preference Interaction/Interdependence
Economic models of choice often assume that a consumer's latent utility is a function of brand and attribute preferences, not the preferences of others. However, a growing body of literature recognizes and models consumer preference interaction (Case 1991; Smith and LeSage 2000; Yang and Allenby 2003; Yang, Narayan, and Assael 2006) . This study differs from and extends this line of research. That is, we study the intrahousehold behavioral interactions. Despite the similarity between the behavioral interactions we study and the preference interactions studied in prior literature, many differences exist between the two.
Preference interaction is modeled as the dependence of one person's utility on another person's utility, whereas behavioral interaction is modeled as the dependence of one person's utility on another person's choice, which may determine joint consumption. The sources of preference interaction can be similar preferences or joint consumption effects, whereas the only source of behavioral interaction is joint consumption effects. For example, in the context of television viewing, if the data reveal that both the husband and the wife spend a lot of time watching television, we are most likely to find a positive preference interaction between the husband and the wife. However, this positive preference interaction does not necessarily imply a positive behavioral interaction-for example, if the husband and the wife enjoy terms in this overlapping region correspondent to multiple equilibria are forced to be associated with one decision outcome using the Pareto-optimal assumption.
The BR approach is difficult to apply to our context of household-member television viewing for the following reasons: First, the BR approach requires that a researcher know the sign of θ a priori. However, in our context, these behavioral interactions among family members can be either positive or negative, and we do not have a strong prior for their signs. Furthermore, there is household heterogeneity, which means that θ could be positive for some families and negative for other families. Second, the Pareto-optimality assumption can be difficult to justify in a context with more than two choice alternatives. Third, it is difficult to extend the BR approach to a context with more than two decision makers because it becomes infeasible to keep track of the multiple equilibrium regions.
Conditional approach. This approach has been widely used in the statistics literature. In this approach, the error term in the utility function is specified to be conditional on the other player's action. The conditional distributions of the error terms are assumed to be logistic; that is, Then, by directly applying Besag's (1974) theorem, we can derive the joint probability distribution as follows: This is called the autologistic model. The probabilities associated with the combinations of the four actions arising from the choices of two people are all uniquely determined and form a valid probability system (summing up to one). By adopting the conditional approach, we bypass the multiple equilibrium problem.
In this study, we adopt the conditional approach but extend the standard autologistic model to a more complex scenario. The proposed model offers a solution to a complicated discrete game in which there are more than two peo- 
watching a great deal of television alone. However, if the husband and wife rarely watch television alone but watch television a lot together, there is likely to be a positive behavioral interaction. In other words, a positive behavioral interaction suggests a strong preference for a joint consumption and joint consumption effects, whereas a positive preference interaction may not necessarily suggest a positive behavioral interaction.
Modeling of Simultaneous Decision Making by Multiple Agents
There is a large body of literature on modeling simultaneous decision making by multiple players. These models were developed on the basis of the theory of simultaneousmove games. In a seminal study, Bresnahan and Reiss (1991) discuss several important issues related to empirical models of discrete games. A special case of the simultaneous-move game models has also been studied in the "peer effect" literature (Brock and Durlauf 2001; Manski 1993) . In these multiple-person choice models, one player's payoff (utility) is a function of another player's actions plus an error term. There are two modeling approaches developed in the literature, and we offer a brief review of each. For ease of comparison, we fix the context to be two players, each choosing one option from two alternatives. To write it as an econometric model, we have the following:
Z 1 = I(U 1 > 0); U 1 = π 1 + θZ 2 + ε 1 , and
where I is the indicator function, Z 1 and Z 2 are two binary discrete variables for Person 1 and Person 2, and U 1 and U 2 are the correspondent utilities. Unconditional approach. This approach has been widely used in the economics literature. In this approach, the error term in the utility function is specified to be unconditional on the other player's action. For ease of demonstration, we assume that it is distributed independently as logistic. The probabilities of the four decision outcomes can then be written as follows:
The four probabilities do not add up to one unless the interaction effect θ is equal to zero. In other words, some pairs of (ε 1 , ε 2 ) correspond to multiple outcomes, leading to existence of multiple equilibria. Bresnahan and Reiss (1991) propose the standard solution to solve the multiple equilibrium problem; we refer to this as the BR approach. Hartmann (2008) adopts the same approach in studying behavioral interactions. In this solution, realizations of the error Z ht2k , Z ht3k ] are the three members' observed decisions on program type k (k = 1, …, K), where 1 stands for father, 2 stands for mother, and 3 stands for child, we first need to derive the probability of member j to watch program type k conditional on other members' decisions. To do so, we define the utility of watching program type k for member j conditional on choices of other members as follows: The conditional approach was first proposed by Besag (1974) and is fairly new in marketing (Moon and Russell 2008; Russell and Peterson 2000) . In the first case, when at least one other family member is watching type k program (i.e., Σ j′ ≠ j Z htj′k > 0), we specify the utility of watching each program type for member j, conditional on decisions of other members, as follows:
where k′ = 1, …, K. Specifically, Equation 6a defines the conditional utility of member j watching program type k. Equation 6b defines the conditional utility of member j for any other program type k′′. Equation 6c defines the conditional utility of member j for not watching any television.
In Equation 6a, we model that the deterministic part of the utility is influenced by the member's own preference π htjk and other members' decisions. Here, measures the degree of behavioral interaction between the two family members, j and j′. A positive suggests a complementary (or positive externality) effect between the two members; that is, the presence of member j (j′) tends to increase the utility of member j′ (j). Similarly, a negative suggests a substitution (or negative externality) effect between the two members; that is, the presence of member j (j′) tends to decrease the utility of member j′ (j). Finally, a zero effect of suggests the behavioral independence between the two members. In Equation 6b, we set the deterministic part of the utility to negative infinity because we have a one-televisionset constraint, which suggests that given that type k program is playing, the probabilities for any member watching type k′′ (≠ k) are equal to zero, and accordingly, the utilities in these cases are set as negative infinity.
In the second case, when none of the other members watch any television (i.e., Σ j′ ≠ j Σ k′ Z htj′k′ = 0), the utility of watching type k program and not watching any television for member j conditional on choices of other members is defined as follows:
We now define matrix W hk :
.
ple and each chooses from a choice set with more than two choice alternatives.
Modeling of Joint Family Decision Making
Note that we are interested in modeling simultaneous decisions while accounting for the potential intrahousehold behavioral interaction rather than modeling group decision making. However, the proposed model makes it possible to separately estimate an individual's own preference and his or her preference for a joint consumption with other members, which enables us to test several group decision-making heuristics that are likely to be applied in a joint consumption occasion.
We briefly review three group decision-making heuristics developed in the welfare economics literature that involve more than two group members. These heuristics differ in how group utility (preference) is formed according to individual group members' utility (preference). As we mentioned, the first decision strategy is called the Harsanyi solution. In the Harsanyi group decision heuristic, the group utility is a weighted average of individual group members' utility, and the weights reflect members' relative influence in the joint decision making. The other two decision strategies are referred to as the MAX and the MIN. In MAX, the group utility is formed according to the utility of the member who has the strongest preference among the family members. In MIN, the group utility is formed according to the utility of the member who has the weakest preference among the family members.
Little work has been done to test the alternative group decision-making heuristics, possibly because of the difficulty of incorporating the behavioral interactions among group members. However, such an empirical test can prove useful. First, most previous studies on relative influence of individual members in a group decision context have assumed that the group adopts the Harsanyi decision rule (e.g., Aribarg, Arora, and Bodur 2002; Arora and Allenby 1999; Krishnamurthi 1988) . However, this assumption needs to be validated. Second, we want to test whether different families use different joint decision heuristics. If there is a difference, it suggests that such heterogeneity should be accounted for when modeling a joint decision.
THE PROPOSED MODEL
We assume that a household h consists of J (J = 3) types of family members: father, mother, and child. For convenience of model presentation, we fix the context as watching television. Furthermore, because the focus of this article is to explore behavioral interactions, we focus on family members' television-viewing behavior in the single television context. We assume that the jth type of family member from household h at time t makes a decision about whether he or she watches the kth type of television program. At any time point, each household member also has the option of not watching any television.
Let Z htjk denote the member j's decision, where Z htjk = 1 when member j from family h watches type k program at time t and Z htjk = 0 otherwise. Because there is one television set, it is impossible that two types of programs play at the same time, implying the following constraint on the decision vector Z: 1, 1] ). This suggests that when the television is turned on (i.e., at least one member is watching any of the K types of programs), there are K × 7 possible outcomes. So in total, we observe K × 7 + 1 outcomes, the last one indicating no television watching by any of the three members.
Under this model setup, we can derive the joint probability of watching each type of program or not watching any television by the three family members as follows:
Details on the derivation of Equation 10 appear in Appendix A. Note that in Equation 10, Σ k′ ≠ k Σ j Z htjk′ = 0 simply reflects the one-television-set constraint. This concludes the basic structure of modeling family members' simultaneous decision on whether to participate in an activity while capturing the intrahousehold behavioral interaction. We describe how we model the individual family members' intrinsic preference π htjk and the intrahousehold behavioral interaction in the next section, after we present the data. To verify that the joint choice probability is properly derived from the conditional choice probability, we conducted a simulation study. The simulation results suggest that that the true parameter values are recovered accurately and that the predicted choice shares are almost identical to the actual choice shares (for details, refer to the Web Appendix at http://www.marketingpower.com/jmrjune10).
EMPIRICAL APPLICATION Data Description and Model Implementation
We apply the model to household television-viewing data in which each family member's viewing behaviors for both broadcast programs and cable programs are observed. The data were collected from September 30 to October 27 in 2002. We focus the analysis on 187 single-parent or twoparent families that have at least one child between the ages of 2 and 18 and own one television set. 1 There are 56 singleparent families, 11 of which have a father and at least one child and 45 of which have a mother and at least one child. The remaining 131 families have two parents and at least one child. The reason for including single-parent families as well is to investigate the impact of family structure on individual family-member consumption patterns and the intrahousehold behavioral interaction.
We focus on the consumer television-viewing behavior for five types of television programs: "news" (news/ documentary), "movie" (drama/movie), "kids" (children's programs), "sports" (sports programs), and "talk" (talk show/comedy/entertainment programs). These are the five major types of the most-watched television programs,
We further assume that the error terms in Equations 6a-6c and 7a-7b follow the Gumbel distribution. If at least one other family member is watching type k program, the conditional probability of family member j to watch type k program at time t, conditional on the other member's decision, is as follows:
If any other family member is watching a non-type k program, the conditional probability of family member j to watch type k program at time t, conditional on other members' decision, is as follows:
If other family members are not watching any television, the conditional probability of family member j to watch type k program at time t, conditional on other members' decision, is as follows:
Next, from the conditional probability derived in Equations 9a-9c and under the constraint that is equal to , we can derive the joint probability of observing the decisions from the three family members for all types of programs Z . The symmetric constraint directly follows from the autologistic modeling literature (Besag 1974) . Only under the symmetric constraint can we derive a proper joint distribution based on the assumed conditional distributions. Furthermore, such constraint is a theoretical constraint rather than an empirical identification constraint because a violation of such a condition will not allow us to derive the joint probability among the members and across program types based on the conditional probability specification.
If program type k is watched by at least one member, we have a total of seven possibilities for the decision vector Z (7) by the father, mother, and accounting for 99.22% of total television-viewing occasions in this sample. We have each family member's viewing data for every 15th minute of an hour. We specifically focused on the time window between 6:30 P.M. and 10:15 P.M. on weekdays during the four consecutive weeks. During these periods, all three family members are the least likely to be at work, at school, or outside. At each quarter hour, we have information about whether at least one member is watching television, which type of program is watched, and who is watching it. There are 18,940 viewing occasions in which there is at least one member watching television. The remaining 59,600 occasions are associated with no television watching.
Panels A-C in Figure 1 plot the distribution of viewing occasions across the five types of television programs at the household level, for an individual household member, and for each viewing pattern, based on the 18,940 observations for which there is at least one family member watching television. Some noteworthy patterns emerge. First, we find some difference between family viewing patterns and individual members' viewing patterns. For example, if the unit of analysis is the family, the total number of viewing occasions for each of the five types of programs watched by at least one family member reflects the family's overall preference. The frequency distribution is 41.38%, 14.88%, 9.68%, 17.04%, and 17.01% for the five types of programs, respectively, as Figure 1 , Panel A, shows. If the unit of analysis is a family member, we can calculate the frequency distributions on the five types of programs for father, mother, and child separately. We provide this information in Figure 1 , Panel B, which shows that the distribution is 40.41%, 15.34%, 4.38%, 25.03%, and 14.84% for the father; 46.05%, 16.27%, 5.48%, 13.17%, and 19.03% the for mother; and 41.70%, 11.25%, 16.62%, 14.25%, and 16.17% for the child. These differences between the family viewing patterns and individual members' viewing patterns suggest that the household-level analysis does not capture each household member's viewing behavior well. Second, we find different viewing patterns across the seven types of family viewing combinations on the five types of television programs, as Figure 1 , Panel C, shows. We find that consumer preferences vary significantly across the seven types of family viewing patterns. This difference emphasizes the importance of modeling the intrahousehold behavioral interactions.
Next, we discuss the implementation of the proposed model with the data. We model individual family members' intrinsic preferences as follows: (11) π htjk = α hjk + β hjk Last htjk .
According to Equation 11, family member j's intrinsic preference for type k television program is determined by the baseline effect α hjk and the state dependence effect-that is, the impact of an individual family member's viewing behavior in the last period on his or her current-period utility for type k program. We create a variable called Last, where Last htjk = 1 if household member j in family h watched the type k program in his or her most recent viewing occasion from time t and Last htjk = 0 if otherwise. To complete the model specification, we allow the random coefficients to vary across different types of families and follow multivariate normal (MVN) distributions: the regression coefficients, and Ω are the unobserved heterogeneity or variances on the random coefficients across families. Note that there are families with multiple children. In such case, we model the composite utility of watching television by any child without specifically modeling the childchild behavioral interaction. In other words, we treat an occasion in which one child is watching television together with another child as an occasion in which children are watching television alone without any parent. Although the model can be readily applied to account for the child-child behavioral interaction, we choose to focus on the fathermother, father-child, and mother-child pairs of behavioral interactions in this study. 2 We use the Bayesian estimation approach to estimate the model. The advantage of this approach is that the large parameter space is partitioned into smaller spaces. Consequently, parameters can be iteratively drawn from their proper posterior conditional distributions. We carried out the model estimation using Markov chain Monte Carlo (MCMC) methods implemented in the Gibbs sampler and the Metropolis-Hastings algorithm. The chain ran for 40,000 iterations. We used the first 20,000 iterations as a "burn-in" period and the last 20,000 iterations to estimate the conditional posterior means and standard deviations. We assessed convergence by inspecting the time series of model parameters. Details of the MCMC algorithm appear in Appendix B.
SHARE OF TELEVISION PROGRAMS

A: Shares of Five Types of Programs by Household B: Shares of Five Types of Programs for Household Member C: Shares of Five Types of Programs by Each Interaction Pattern
To validate the proposed model, we compare it with several benchmark models on their in-sample and out-ofsample performance. The first benchmark model is a nested version of the proposed model because it does not allow any intrahousehold behavioral interaction (θ = 0). The other three benchmark models are not nested with our proposed model. The first one is a model based on the observed frequency of joint and separate consumption. The second one is a multinomial logit model that treats the 36 outcomes (in combinations of who are watching what types of television programs) as the possible choice outcomes. The third one is a multivariate probit model on who are watching. The proposed model outperforms the four benchmark models in terms of both in-sample fit and out-of-sample fit. 3 
Parameter Estimates
We first discuss the behavioral interaction estimates that reflect the influence of others' decisions on an individual family member's decision to watch television. Panels A-C in Table 2 report the behavioral interaction estimates for each pair of the three family members. Because we meancenter all the demographic variables in our analysis, the intercept can be viewed as the average strength of the behavioral interaction. We find that the behavioral interactions are significantly positive for all three dyads across all five types of shows. The mother-child behavioral interactions are significantly higher than the father-child behavioral interactions at the mean level, except for sports programs. This is consistent with the traditional wisdom that mothers are spending more time with children, leading to a stronger behavioral interaction than the father-child dyad. As we expected, the father-mother behavioral interactions are stronger than the other two dyads on most of the programs, except for kids shows.
Panels A-C in Table 2 also show that many family and individual-specific characteristics explain these behavioral interaction effects. For the father-child dyad, we find a higher interaction on kids programs for families with higher income. As the number of children increases, the fatherchild behavioral interaction tends to increase for all types of shows, except for news. The father-child behavioral interaction in the case of kids shows is smaller in nonwhite families, in families with Internet access, and for older fathers. As children grow older, the father-child interaction becomes stronger for sports programs. Finally, the family structure also has an impact. We find that the behavioral interaction is stronger in a single-parent (father) family than in a dual-parent family for all five types of programs, the strongest being the sports shows.
For the mother-child behavioral interaction, we find some similarities and differences in the impact of demographics compared with the father-child interaction. For example, the Internet access tends to reduce the behavioral interaction between mother and child for watching movies, kids shows, and talk programs. As mothers (child) grow older, their behavioral interaction for watching kids programs increases (decreases). Similarly, we find that a singlemother family tends to have a stronger behavioral interaction between mother and child in the case of news, sports, and talk shows. There are also some different patterns. For example, the mother-child behavioral interaction is higher for nonwhite families for news programs, higher for families with higher education for movies, and higher for families who live in large cities for sports programs.
Finally, Table 2 , Panel C, reveals some noteworthy findings regarding the father-mother behavioral interactions. We find a consistent effect of income on the degree of father-mother interaction. High-income families tend to have smaller parent-parent interactions, except for sports programs, than low-income families. As the number of children increases, the father-mother interaction tends to increase in the case of news programs. Finally, the father and mother watch kids programs together more in nonwhite families and watch talk programs together more if they live in big cities.
Next, we discuss what determines an individual family member's own preference. Table 3 reports the baseline preference estimates for the three family members on the five types of television programs. Note that because the baseline preference for each type of television program is estimated relative to the preference for the activity of not watching any television, these baseline preference estimates are comparable across television types. Furthermore, because we meancenter all the demographic variables, we can interpret the intercept as the average baseline preference for a program type for a given household member. As we expected, the intercept estimates suggest that the father likes sports programs more than the mother and child, the mother likes talk programs more than the father and child, and the child likes kids programs more than the father and mother. These results reveal a great deal of face validity. Table 3 also reveals many findings on how individual preferences for the five types of television programs vary across families and individuals. We highlight some important ones here. First, both parents tend to have a higher own preference for watching a sports program in high-income families than in low-income families, and a child from a higher-income family tends to have a stronger preference in general for watching television, which holds for most programs. Second, as the number of children increases, we find a decreased preference for watching most of the five types of programs for the father and mother but an increased preference for watching television for the child. This is likely because a parent with more children tends to spend more time on housekeeping and children and therefore has less time available for watching television. Third, as a person grows older, the mother has less preference for watching most of the television programs, whereas the child has more preference for watching television. Fourth, regarding the impact of family structure, we find a stronger preference for watching most of the television programs for the father or mother from a single-parent family.
Next, we discuss the dynamics in the individual family member's own preference. Table 4 reports the state dependence estimates for the father, the mother, and the child. As we expected, the intercept estimates indicate that there is significant inertia on all five types of television programs for the father, the mother, and the child; that is, each family member's own preference for one type of television pro- We simulated the measure of power for each of three members from 131 families (non-single-parent families) on each of the five types of television programs (3 × 131 × 5). As a demonstration, in Figure 2 , Panels A-C, we plot the father's power against his own preference for news programs, the mother's power against her own preference for movie programs, and the child's power against his or her own preference for children's programs, respectively. The lower-right quadrant is associated with the case of high power and low preference. This represents a potential group of customers to target. First, this group has low preference, suggesting additional room for improvement. Second, this group has high power in affecting others.
We also conducted regression analyses on individual family members' power and found a substantial heterogeneity across families. For example, we find that a father from a nonwhite family has a higher power in the case of sports programs than a father from a white family. A mother from a nonwhite family has a higher power in the case of news programs than a mother from a white family.
Testing Alternative Joint Decision Heuristics
The preceding modeling exercise enables us to test several alternative family decision-making heuristics developed in the welfare economics literature. As we claimed previously, we are not modeling joint decision making per se in this study, because the assumption of joint decision making requires the household members either to participate jointly in an activity or to decide not to participate in the activity. Rather, we are interested in behavioral interactions. However, we observe some joint consumption occasions by all three family members-that is, they are watching a particular type of television program together on some occasions. On these occasions, group decision making is likely to occur; that is, the family members will jointly determine which of the five types of television programs to watch. Because the model enables us to obtain estimates of an individual's own preference and estimates of an individual's utility from joint consumption for each of the five types of television programs relative to not watching any television, we can test alternative group decision-making heuristics.
The first group decision heuristic is the Harsanyi solution. Under Harsanyi's additive model assumption, family members will first obtain the group utility constructed by a weighted average across the three individual members' utility for each type of television program. For type k programs, the group utility is as follows: gram in the current period increases if he or she watched the same type of television program in the last period. Given the formulation of the period (15-minute slots), this implies that consumers tend to watch a show from the beginning to end.
In summary, we find that the model estimates are reasonable and insightful. They can help companies better understand the influence of intrinsic preferences and extrinsic preferences on individual overall viewing preferences and, more important, the influence of characteristics of television programs and individual/family type on these intrinsic and extrinsic preferences.
MANAGERIAL AND THEORETICAL IMPLICATIONS
Opportunity for Targeting
An important goal of a television station is to increase its viewership. To increase viewership of a particular type of program, a viable strategy for a television station is to target its advertising to members who have relatively low preference for this type of program but have high power in affecting others' viewing behavior. 4 We conducted counterfactual simulations to illustrate how the proposed model and empirical findings can help achieve such targeting strategy.
An important feature of the model is that it enables us to make separate inferences regarding a family member's intrinsic preference and extrinsic preference for watching specific types of television programs. Using the model estimates of an individual's intrinsic preferences, we can simulate the individual j's probability of watching type k program alone, given that he or she is watching television. We denote this probability as P j k . Similarly, we can simulate the probability of member j and j′ jointly watching type k program, given that they are watching television together, which we denote as P jj′ k . Then, consistent with the literature on joint decision making, we can define a measure of power of member j over member j′ on program type k as follows:
In the context of a three-member family, we can construct the overall power of member j as the average of his or her power over other two family members: In the third decision heuristic, the MIN, the family will regard the utility of the member who has the highest preference for the kth type of programs among all the family members as the group utility: Then, the family will choose the program type that provides the highest group utility among the alternatives (Atkinson 1970) .
Using the parameter estimates, we explore which of these decision heuristics best approximates the data. The test is based on 2383 joint consumption occasions in which all three family members were watching a television program together, from 80 families. We exclude families in which the joint consumption occasions are too few to estimate the individual-member weight parameters for each family through optimization.
First, we find that the Harsanyi decision heuristic correctly predicts the type of television programs for 72% of the 2383 joint consumption occasions, which is higher than correct predictions by the MIN (52%) or the MAX (28%) heuristic. This finding validates the assumption of the Harsanyi decision heuristic adopted in the previous group decision literature. Notably, we find a substantial amount of heterogeneity across families on which decision heuristic to use. The Harsanyi decision heuristic does not dominate the other two in 32.5% of families. This finding suggests that it is important to consider such heterogeneity when modeling joint decision making, which the literature has typically ignored.
Second, the estimated average weight is .31, .16, and .53 for the father, the mother, and the child, respectively, under the Harsanyi decision heuristic. This suggests that, on average, the child has the most influence, and the mother has the least influence, in choosing which type of television program to watch in a three-member joint consumption occasion. We also find that these decision weights vary significantly across families.
CONCLUSION
Quantitative models in the marketing literature typically focus on the household as the unit of analysis while ignoring the individual family members' behavior and behavioral interactions among household members. However, there is considerable evidence to suggest that (1) significant heterogeneity among individual family members' intrinsic preferences exists, and the analysis at the family level may not capture this intrahousehold heterogeneity, and (2) an intrahousehold behavioral interaction is present, that is, an individual's behavior is affected by other family members' behavior.
In this article, we propose a modeling framework to capture intrahousehold behavioral interaction based on family members' actual consumption behavior over time. We develop a model to capture multiple agents' (more than two individuals') simultaneous choice decisions over more than two choice alternatives. This is extremely difficult with other previously developed modeling approaches. To the best of our knowledge, this work is the first to address the challenges that arise in modeling a complicated simultaneousmove discrete game. Then, the family will choose the program type that provides the highest group utility among the alternatives. In the second decision heuristic, the MAX, the family will regard the utility of the member who has the lowest preference for the kth type of programs among all the family members as the group utility: Then, the family will choose the program type that provides the highest group utility among the alternatives (Atkinson 1970 ). We apply the proposed model to a context of family members' television viewing and simultaneously model whether the television is on, which type of program is playing, and which family members are watching. The proposed model enables us to decompose the individual's preference into two components: the intrinsic preference and the preference from joint consumption with other members. The empirical analysis leads to several noteworthy findings: First, there is substantial heterogeneity in individual intrinsic preference for different television programs among the three family members. Second, intrahousehold behavioral interactions are significantly positive in many cases. More specifically, mother-child interactions are stronger than father-child interactions and father-mother interactions are stronger than parent-child interactions for most of the television programs. Third, the strength of the intrahousehold behavioral interactions tends to vary across types of familymember dyads, across families, and across types of television programs. Fourth, the Harsanyi group decision heuristic is more likely to operate than the MAX and the MIN decision heuristics on joint consumption occasions involving all three family members. However, there is substantial heterogeneity across families on which decision heuristic to use.
Finally, this study is subject to limitations, which suggest opportunities for further research. First, the model does not allow for asymmetric behavioral interactions for each dyad. Although the approach is an important first step to modeling a complicated multiple-person simultaneous-move discrete game, it would be useful to consider the case of asymmetric behavioral interactions in future work. Second, there are opportunities for developing structural models to incorporate bargaining strategies among group members to analyze household-member television-viewing behavior. Third, the data are constrained to families with one television set, which may lead to a nonrepresentative sample analyzed in this study.
Overall, the impact of intrahousehold behavioral interactions on individual consumer behavior is important but has been understudied in the empirical modeling literature in marketing. We hope that this article provides a modeling approach to study the intrahousehold behavioral interactions based on individual family members' consumption behavior and stimulates further research in this direction.
APPENDIX A: MODEL DERIVATION
We first define the probability of the case in which none of the three members watch any television as follows: Finally, we can write the joint probability as because the probability of each outcome sums to 1, and this leads to Equation 10.
APPENDIX B: THE MCMC ALGORITHM
We estimate the model parameters using a hierarchical Bayesian approach. We executed 40,000 iterations of the 
